A double-blind randomized clinical trial was performed in 6-to 7-yr-old schoolchildren to evaluate, in a 30-mo period, whether the caries increment on the distal surface of the second primary molars adjacent to permanent first molars sealed with fluoride release compounds would be lower with respect to those adjacent to permanent first molars sealed with a nonfluoridated sealant. In sum, 2,776 subjects were enrolled and randomly divided into 3 groups receiving sealants on sound first molars: high-viscosity glass ionomer cement (GIC group); resin-based sealant with fluoride (fluoride-RB group); and a resin-based sealant without fluoride (RB group). Caries (D 1 -D 3 level) was recorded on the distal surface of the second primary molar, considered the unit of analysis including only sound surfaces at the baseline. At baseline, no differences in caries prevalence were recorded in the 3 groups regarding the considered surfaces. At follow-up, the prevalence of an affected unit of analysis was statistically lower (p = .03) in the GIC and fluoride-RB groups (p = .04). In the GIC group, fewer new caries were observed in the unit of analysis respect to the other 2 groups. Incidence rate ratios (IRRs) were 0.70 (95% confidence interval: 0.50, 0.68; p < .01) for GIC vs. RB and 0.79 (95% confidence interval: 0.53, 1.04; p = .005) for fluoride-RB vs. RB. Caries incidence was significantly associated with low socioeconomic status (IRR = 1.18; 95% confidence interval: 1.10, 1.42; p = .05). Dental sealant high-viscosity GIC and fluoride-RB demonstrated protection against dental caries, and there was evidence that these materials afforded additional protection for the tooth nearest to the sealed tooth (clinical trial registration NCT01588210).
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T he use of fluoride is the main reason for the decrease in prevalence of caries seen lately in Western industrialized countries (Bratthall, 2005; Petersen and Christensen, 2006; Pitts et al., 2006) . Otherwise, recent surveys have described a reversal of this trend: a small but significant increase in caries prevalence was detected in primary and permanent dentition (Bagramian et al., 2009) . Socioeconomic status (SES) of the family acts as a well-known risk factor in caries development (Campus et al., 2007 Bagramian et al., 2009) . Children from families with a low SESsuch as those living in southern Italy, where the mean per capita income is significantly lower than in other parts of the country-have less access to dental care services and consequently show a higher level of caries disease (Campus et al., 2007 . "Bad" dietary and behavioral habits-such as highfrequency consumption of sugary food and beverages and poor oral hygieneare also associated to caries development (Harris et al., 2004) .
Low but slightly elevated levels of fluoride in the oral environment, derived from different sources, help to prevent enamel dissolution and reduce caries development (ten Cate & Featherstone, 1991) . The use of fluoride-releasing dental materials was proposed to provide an additional benefit in caries prevention on adjacent teeth surfaces (Donly et al., 1999) . Different fluoride-releasing materials have been used as sealants, including glass ionomer cements (GICs), resin-modified glass ionomer cements, fluoride-releasing composite sealants, and adhesive systems (Lobo et al., 2005; Barja-Fidalgo et al., 2009; Bayrak et al., 2010) . The benefit of dental sealants for pits and fissures is based on retention and integrity over time. However, since the retention is not permanent, this physical effect could be enhanced by the local release of fluoride from the sealant material (Lobo et al., 2005) . Low retention rates for GIC sealants have been described (Poulsen et al., 2001; Kühnisch et al., 2011) . Although high percentages of lost GIC sealant have been observed, this loss does not seem to have a direct relationship with caries development (Antonson et al., 2012) ; even when the sealant appears partially lost clinically, it may act as a source of fluoride.
No clinical data are available in the literature regarding the caries preventive effect of fluoride released by dental sealants on the adjacent tooth surfaces. The same research group (Campus et al., 2013) reported that the concentration of fluoride in interproximal fluids increased after the use of a high-viscosity GIC as a sealant, compared with a resin-based (RB) sealant with and without fluoride content.
The null hypothesis tested in this study was that in a period of 30 mo, for distal surfaces of second primary molars adjacent to sealed first permanent molars, the increment of caries lesions is the same whether the first permanent sealing material contains fluoride-releasing compounds (high-viscosity GIC or RB sealant containing fluoride) or not.
Materials & Methods

Study Design and Sampling
This randomized clinical trial was carried out on a population of schoolchildren (age range, 6-7 yr) from a low socioeconomic areas with a medium caries rate (Campus et al., 2007 ). The fluoride concentration in local tap water is low (0.3 mg/L). Baseline examinations were carried out from January 2008 to June 2010, and follow-up examinations were carried out between July 2010 and January 2013. The study was part of a preventive project (supported by the Italian Ministry of Health) aimed to assess the prevalence of caries disease and gingivitis in children, to seal their first permanent molars, and to provide information on oral health (Campus et al., 2013) .
The study was designed as a randomized clinical trial (registered at http://www. clinicaltrial.gov). The total number of children aged 6 to 7 yr living in the studied area was 3,271. Parents/guardians were contacted by mail to provide consent for their children's participation in the trial. Inclusion and exclusion criteria were evaluated via an ad hoc prepared questionnaire, completed by parents together with the consent form.
The inclusion criteria were as follow: year of birth from 2002 to 2003, informed consent signed by parents/guardians, and the presence of at least 2 sound permanent first molars as soon after eruption as isolation could be achieved, as well as the presence of at least 1 sound distal surface of adjacent second primary molar (i.e., to studied first permanent molars).
The exclusion criteria were as follows: carious and/or demineralized lesions, hypomineralized permanent molar, presence of filling or sealant on the occlusal surface of the first permanent molars, fixed orthodontic appliances, the use of topical antimicrobial agents (e.g., chlorhexidine, triclosan and fluoride) except for fluoridated toothpaste. Children with systemic disease or a history of systemic antibiotic use during the 3 mo before the beginning of the trial were excluded.
All children (N = 3,271) were invited to participate: 2,975 (91.0%) agreed; 2,808 (85.8%) were eligible; and 2,776 (98.9%) of the eligible sample were enrolled. The participants, identified by serial number, were compiled into a list. Randomization was performed (G. Campus) with Excel 2003 in permuted blocks of 2 or 4 with random variation of the blocking number, and 3 groups were created: the first group received fissure sealants with a high-viscosity GIC (GIC group; n = 926); the second group received an RB sealant containing fluoride (the fluoride-RB group; n = 923); and the third group received an RB sealant without fluoride content (RB group; n = 927) ( Figure 1) .
Clinical Examination and Questionnaire
Clinical examinations were performed at baseline and 30-mo follow-up and were carried out in the Paediatric Dentistry Department at the University of Sassari by 2 ad hoc calibrated examiners (G. Carta, S.S.) who were kept blinded regarding the sealant materials used. Intra-and interexaminer reliability was assessed before the beginning of the 30-mo evaluation by examining and reexamining 20 random children the first day of the study and 72 hr afterward. Interexaminer reliability was evaluated using fixed-effects analysis of variance in comparison with benchmark values (G. Campus). Intraexaminer reproducibility was assessed as the percentage of agreement based on Cohen kappa statistic. Differences in scores were discussed with a benchmark (G. Campus) until consensus was reached. Good interexaminer reliability was found for initial and manifest lesions, with no significant difference from benchmark values (p = .17) and a low mean square of error (0.45). Intraexaminer reliability was also high (0.90) when analyzed with the Cohen kappa statistic.
The presence of carious lesions was assessed with a plain mirror and a World Health Organization periodontal probe, under optimal conditions. The caries score was recorded on the distal surfaces of the second primary molars. Both initial and manifest caries were scored (D 1 -D 3 ) (Beck et al., 1997) : D 1 was scored when a clinically detectable enamel lesion without cavitation was recorded; D 2 was scored when a cavity limited to enamel was found; and, finally, D 3 was scored when a cavity involving the dentine was detected (Warren et al., 2006) . Bitewing X-rays were taken and manually developed via standard conditions and standard processing times, and radiographs were examined according to O'Mullane criteria (O'Mullane et al., 1997) .
Participants were also examined to assess sealant retention 30 mo after the sealants had been placed. The examiners were blinded to the subject's allocation group, as the materials were the same in appearance. The sealant retention rate was calculated with the Beiruti criteria (Beiruti et al., 2006 ). An ad hoc prepared questionnaire was fulfilled by parents/guardians, investigating fluoride supplement use, brushing frequency, and some socioeconomic variables (Campus et al., 2013) .
Data Analysis
The distal surface of the second primary molar was considered the unit of analysis, so only surfaces that were sound at the baseline were included. An event was defined as the presence of a new carious lesion or a filling at the surface level that developed during the 30-mo follow-up period (Beck et al., 1997) . Differences among groups registered at baseline and at follow-up were evaluated with the nonparametric Mann-Whitney U test.
Systemic fluoride (tablets/drops) was categorized as yes when the parents stated that the child had used it for ≥ 1 yr. Brushing frequency was categorized as ≥ or < 2/d. The SES of the family was categorized according to the SocFam scale (Campus et al., 2007) as a low and medium-low level based on the educational level of the parents.
Taking into account the large proportion of zero increments, the zeroinflated negative binomial regression was used to model the caries increment on distal surface of the second primary molar Preisser et al., 2012) . The incidence rate ratios (IRRs) were calculated as the overall effect of GIC vs. RB, GIC vs. fluoride-RB, and fluoride-RB vs. RB. The relationships between new caries lesions and the following explanatory variables were evaluated: treatment group, age (in months), sex, systemic fluoride supplements, the socioeconomic level of the family (SES), brushing frequency, and examiner (G. Carta and S.S.). After 30 mo, the complete retention rate of the sealant was also calculated. The data were entered into a database, checked for errors, and analyzed by an epidemiologist who was blinded to the sealant procedure, using STATA 12.0 software (http://www.stata.com). A p value < .05 was considered statistically significant. Table 1 reports the demographic characteristics of the 3 groups: GIC, fluoride-RB, and RB. No statistically significant differences were recorded between baseline and follow-up examination in the 3 groups regarding overall caries experience, fluoride supplement use, and SES. The majority of the lesions were registered as D1; therefore, all lesions were combined in the same category (D 1 -D 3 ). Table 2 shows the baseline and 30-mo follow-up caries data of the distal surface of the second primary molars (D 1 -D 3 ). At baseline, no differences in caries prevalence and indices were recorded among groups. The dropout rate was similar in the 3 groups (p = .17). At the follow-up, a reversal in caries diagnosis < 1% was recorded. In the GIC group, the prevalence of affected surfaces was significantly lower (p = .03) than the mean number of distal surfaces affected (0.94 ± 1.17 vs. 1.02 ± 1.34 in the fluoride RB group and 1.28 ± 1.50 in the RB group; p = .04). No statistically significant difference was noted regarding the number of distal surfaces filled among groups. The distal surfaces of the second primary molars developed fewer new caries in the GIC group than in the other 2 groups. IRR was 0.70 (95% confidence interval [CI]: 0.50, 0.68; p < .01) between GIC and RB and 0.89 (95% CI: 0.89, 1.28; p = .10) between GIC and fluoride-RB. IRR between fluoride-RB and RB groups was 0.79 (95% CI: 0.53, 1.04; p = .005). Caries incidence was also significantly associated with low SES (IRR = 1.18; 95% CI: 1.10, 1.42; p = .02).
Results
At the 30-mo examination, 76 molars in the GIC group (2.95%), 52 in the fluoride-RB group (1.41%), and 50 in the RB group (1.35%) had partial sealant loss Received allocated intervention n = 923 (Campus et al. 2013) RB group (n = 927)
Received allocated intervention n = 927 (Campus et al. 2013) Follow-up (p = .03). No statistical association was found between incomplete sealants and caries development (p = .28).
Discussion
This study sought to explore whether sealing the first permanent molar with a fluoridated sealant might affect the caries incidence of the adjacent distal surface of the second primary molar. The hypothesis was that the caries rate, evaluated in a 30-mo period, would be lower in teeth sealed with fluoride-releasing compounds (high-viscosity GIC or RB sealant containing fluoride) with respect to those sealed with a nonfluoridated material (RB sealant). The null hypothesis was rejected; the distal surfaces of the second primary molar adjacent to a tooth sealed with GIC displayed a significantly lower level of caries with respect to surfaces near teeth sealed with a traditional RB sealant without fluoride.
The status of the distal surface of the primary second molars was chosen as the outcome because the presence of a caries lesion on this surface may significantly affect the development of the disease of the mesial surface of the permanent first molars (Mejàre et al., 2001; Vanderas et al., 2004) . Moreover, caries experience in primary molars at the age of 5 is the best predictor of the future caries experience in the permanent molars (Gray et al., 1991) .
High-viscosity GIC sealants exhibited a caries-preventive effect, which was 3 times higher than that of the composite resin sealant after 5 yr (Beiruti et al., 2006) . However, the caries-preventive effect was evaluated on the pits and fissures of the sealed tooth only.
Several randomized clinical trials have assessed the effectiveness of sealants in caries prevention at the pits and fissures level (Jokovic and Locker, 2001; Mejàre et al., 2003) . The application of sealants is recommended to prevent caries in children and adolescents' permanent molars, and the effectiveness of different types of sealants has yet to be established (Ahovuo-Saloranta et al., 2013) ; nevertheless, the use of high-viscosity GICs as sealants has recently increased due to their growing retention rate with respect to traditional GIC and to their fluoride-releasing capacity (Beiruti et al., 2006) . It has been hypothesized that, despite a high rate of macroscopic sealant loss, GICs remain at the bottom of fissures, acting as fluoride reservoir (Barja-Fidalgo et al., 2009 ). In the present article, no statistical significant difference regarding the retention rate when comparing the GIC and RB sealants was observed, and no statistically significant association was detected between sealants' retention rate and caries development in the distal surface of the second primary molar. This finding may be related to the preventive action produced by the remaining material in the bottom of the fissures (Barja-Fidalgo et al., 2009) . One may also speculate whether sealant loss had occurred shortly before the examination.
The caries pattern differs in different tooth sites with varying level of disease.
In primary teeth, it was suggested that more caries arise in molars, especially at the interproximal level (Allison and Schwartz, 2003) . Interdental plaque is more acidogenic than plaque covering other surfaces. This is most likely related to variations in bacterial composition and saliva access, especially in primary molars with a wider contact surface (Cagetti et al., 2011) . Strategies to prevent interproximal caries in primary teeth were proposed: the benefit of professional flossing with fluoride and chlorhexidine was reported (Allison and Schwartz, 2003) , but this method requires funds for dental personnel and multiple follow-ups. Previously (Campus et al., 2013) , a higher fluoride concentration was found in the interproximal fluid, collected between the first permanent molar and the second primary molar, in teeth treated with GICs when compared with those recorded near teeth sealed with a RB sealant or not containing fluoride. This higher fluoride concentration may explain the reduced caries increment detected on the distal surfaces of the primary tooth.
In the present study, caries increment on the distal surface of second primary molars was significantly associated with the SES of the family, confirming that a low SES is an important risk factor for childhood caries development and supporting the need for preventive measures centered on children belonging to disadvantaged groups. The application of sealants containing fluoride appears to be an effective preventive procedure, requiring a single application and low costs.
Some shortcomings of this study might be raised. First, the follow-up time can be considered to be quite short, but this period was selected to reduce the risk of too many dropouts. It is also necessary to underline that caries increment was recorded to be present in second primary molars, and it is common that these teeth may already be exfoliated at the age of 10 yr. Second, a bias may exist related to environmental and behavioral factors, such as dietary habits or changes in lifestyle conditions. However, no population-based professional caries preventive program was proposed to these patients. Otherwise, this study benefits from several strengths, such as the high number of participants, the random allocation of subjects, the parallel-group design, the blinding of examiners and participants, the use of standardized criteria for the assessment of sealant retention, and the choice of a true outcome measure (D 1 -D 3 lesion).
Conclusion
The results of the present randomized clinic trial offer new insight into caries prevention. Fluoride-releasing sealants (high-viscosity GIC and fluoride RB) were demonstrated to provide protection against caries on the distal surface of second primary molar. This preventive strategy might contribute to maintain the integrity of the mesial surfaces of the first permanent molar.
